Background: Economic growth is considered an important determinant of population health.
Background
There exists a strong positive association between average income (or wealth) and indicators of population health status, which is evident both across countries and within countries.
1,2 Illustration 1 depicts indicators of population health (life expectancy at birth, under-five mortality rates, and the prevalence of stunting), all in logs, against log Gross National Income (GNI) per capita. Data from 2010 was used for life expectancy and under-five mortality and the latest available observations for each country for stunting. Concomitant regressions reported at the bottom of each panel indicate that these relationships are always statistically significant. The explanations for this association can be manifold. One is that increasing incomes cause improved population health. But the relationship might also be a result of confounding variables that affect both incomes and health. Potential confounding factors are, inter alia, the availability and use of advanced technologies, the population's level of education, governance and institutional quality, and individuals' rate of time preference, a taste parameter that determines the extent to which individuals make provisions for the future. It is also plausible that population health causes economic growth rather than only the other way around. In fact, there is a large and growing literature that investigates this reverse channel. 4, 5 In this review, we focus on the causal effect of economic development on population health. That such a causal effect exists is plausible: firstly, growth may affect the consumption of health-relevant commodities. Importantly, growth may improve nutrition through an increase in the consumption of nutritious foods. Well-nourished individuals are in turn in a better position to resist bacterial diseases and have better prospects to recover from illnesses. Increasing incomes can lead to an increase in consumption of calories and micronutrients, which is particularly beneficial for better health outcomes in developing countries. People may invest in curative as well as preventative health goods as well as other health-relevant goods as a result of higher incomes. Secondly, economic growth may affect the supply side of health if it allows governments to increase spending on effective public health services and complements in the production of health (such as improved transportation infrastructure). Although increasing incomes are generally associated with improvements in health, they can also lead to unexpected increases in the number of illnesses and diseases linked with prosperity, so-called 'diseases of affluence'. On the demand-side, there may be an increase in the demand for goods associated with health risks, including alcohol and smoking consumption. Economic development can also be linked to concomitant shifts in dietary structure and lifestyle habits. It can promote a sedentary lifestyle and adverse eating habits, which may, in turn, result in an increase in noncommunicable diseases such as obesity and diabetes.
The remainder of this study comes in two parts: in the first part, results from a systematic literature search on the effect of economic development on health outcomes are presented. In the second part, the potential causal pathways from economic growth to population health are discussed.
Literature review

Search strategy
Google Scholar and Pubmed we searched for articles published in economics, public health and medical journals between 1990 and 2015 that included combinations of 'mortality', 'life expectancy' or 'malnutrition' with either 'GDP', 'unemployment', 'recessions', 'downturns' or 'crises'. We then included only empirical studies that considered indicators of health outcomes, including mortality, malnutrition, and life expectancy, as the dependent variable and Gross Domestic Product (GDP), GDP per capita, growth in GDP (or GDP per capita) or the unemployment rate as the main explanatory variable. We further did backward and forward citation searches with the remaining studies. Studies which focus primarily on the reverse causal link from health to economic growth were excluded from the review. Also excluded were studies that use individuallevel indicators (e.g. family or personal income) as the explanatory variable as these exclude, by construction, public health interventions as an important pathway from economic development to health. We also did not consider studies which exclusively looked at business cycle variations in developing countries. Table 1 provides summaries of the studies that resulted from the literature search. The search suggests the existence of distinct strands of the literature that we summarize briefly in what follows. They deal, respectively, with (1) the effect of economic growth on child survival, (2) the effect of growth on child undernutrition, and (3) the effect of economic downturns on mortality from various causes. While the first two strands focus on developing countries, the third looks at downturns in developed countries.
Results
Summary
Economic growth and mortality in early childhood
An early study that aims to identify the causal effect of economic growth on infant mortality 15 based on fixed effects-panel data models finds that the elasticity of the mortality rate with respect to GDP per capita is negative and statistically significant: infant and child mortality rates decrease by about −0.2 percent in the short-run and −0.4 percent in the longrun for every one-percent increase in GDP per capita. These results are robust to a large number of alternative specifications and samples as well as to using instrumental variables to extract exogenous variation in GDP per capita. They are somewhat lower (in absolute terms) than elasticities obtained from crosscountry regression. Coronary heart disease mortality Unemployment rate A one-percentage-point reduction in unemployment is predicted to raise coronary heart disease mortality by 0.75 percent.
One disadvantage of the study above is that the mortality series relies to a large extent on interpolation and may be thus inappropriate when identification flows solely from variation across time. The authors acknowledge this and present various robustness checks that leave their main conclusions intact. Nevertheless, more convincing evidence on the effect of growth on premature mortality stems from a recent study that relies on data on 1.7 million births recorded through the Demographic and Health Surveys (DHS) in which only non-random sampling error should play a role. 7 The empirical strategy is based on removing country-specific trends in GDP per capita and infant mortality. The authors then show that fluctuations in GDP per capita have a large negative effect on infant mortality: a one percent increase in GDP per capita is associated with a decrease in infant mortality by between 0.3 and 0.8 percent.
The elasticity varies by gender of the child (with a greater elasticity in absolute terms for females), by location (greater for births in rural areas), and by birth order (greater for higher order births). The authors also show (by including mother fixedeffects) that their result cannot be explained by a change in the composition of women that give birth and remains significant even once the authors control for weather shocks (droughts and floods) and episodes of conflict.
As a whole, the studies from Table 1 point to the conclusion that increases in GDP per capita are associated with reductions in mortality in low-and middle-income countries.
Economic growth and undernutrition
A number of studies of the effect of economic growth on anthropometric indicators of child nutrition (such as underweight 21 and stunting 13 ) relied on countrylevel data. They usually reported a negative and statistically significant relationship, although the parameter estimates often suggested only a modest effect.
A recent study based on data from the DHS on more than 450 000 children in 36 countries investigates the relationship between growth and anthropometric indicators of early childhood undernutrition. 23 The study controls for country-and survey-year-fixed effects and a large subset of socio-demographic variables. Contrary to the theory that economic growth will lead to better health, findings indicate that the effect of growth on childhood undernutrition in the medium-to short-run is close to zero. This finding is robust to a wide variety of empirical specifications, the inclusion of different sets of covariates, and across subsamples. Two studies that rely on similar methods to investigate this relationship for India and Sub-Saharan Africa respectively arrive at broadly similar conclusions. 12, 22 Overall, the summary of studies in Table 1 indicates that there is no conclusive evidence that growth of GDP per capita plays a major role for reducing childhood undernutrition.
Mortality during economic downturns
In a series of papers Christopher Ruhm [16] [17] [18] [19] [20] 24 shows that state-level mortality rates in the US are procyclical, i.e. that mortality increases during recessions. The result is economically significant: a one-percentage point decrease in the state unemployment rate in the US is associated with a 0.5-0.6 percent increase in total mortality. The author finds that about one fourth of the increase is due to an increase in externally caused deaths, particularly traffic fatalities. To a lesser extent, deaths from cardiovascular disease, liver ailments, or flu/pneumonia decrease during downturns due to deaths from these sources responding to short-term changes in medical care or lifestyles to a certain degree. Deaths from cancer, on the other hand, are not found to be sensitive to changes in unemployment rates and deaths from suicides increase during downturns. Turning to infant health specifically, a study based on state-level data from the USA finds that infants' health status improves during economic downturns. 9 The finding is attributed to mothers having more prenatal care visits and a significant alteration in the pool of mothers that give birth during recessions toward more educated mothers. The first finding is consistent with mothers having more time available, that is, with decreasing opportunity costs of time spent not working. The second finding is consistent with credit constraints: uneducated mothers may be less likely to be in a position to afford a pregnancy financially during downturns. In addition, there is evidence that a recession's effect on air pollution may play a role for child health outcomes. 25 The above studies investigate the effect of short-run fluctuations in growth or unemployment rates on mortality. It seems very likely that shocks to permanent income, that is, events that permanently alter an individual's income path over time, would have very different effects. And while the above studies rely mostly on repeated cross-sections, analyzing the effect of permanent income changes would require panel data with many observations over time. Sullivan and von Wachter 26 show that earnings of US workers averaged over long time periods are a significant predictor of future mortality risk. A follow-up study based on the same data investigates the effect on the long-run mortality risks of US workers of job displacement. 27 The authors find that the effect is very large initially: mortality risk increases between 50 and 100 percent. And while this effect decays over time, the temporal pattern indicated that the total loss in life expectancy of a worker laid off at age 40 may be around 1.0-1.5 years. In summary, there exists evidence from highincome countries that temporary economic downturns can lead to improved health outcomes; however, this is not necessarily true for long-term economic decline.
Conclusions
Taken together, three main conclusions emerge from this discussion. Firstly, the effects of short-run fluctuations in growth typically vary with a country's stage of development. Health, particularly when operationalized as mortality rates, tends to be counter-cyclical in developed and pro-cyclical in developing countries. While changes in health behaviors are the main driver of counter-cyclicality in developed countries, these findings are also consistent with findings from the literature on the cyclicality of public health expenditures that typically indicate that expenditure is counter-cyclical in developed and pro-cyclical in developing countries. 28 Secondly, the effect of shocks to permanent (lifetime) income is likely very different. The little evidence that exists suggests positive effects of an increase in permanent income on health outcomes.
Third, how health outcomes are measured tends to matter. There is convincing empirical evidence for a positive effect of downturns on mortality rates in developing countries while the case for an effect on changes in nutritional outcomes, is much weaker.
Pathways from economic growth to population health
In this section, we investigate the channels through which economic growth impacts population health.
We include studies that we found by targeted keyword searches, screening the references and citing articles of the original search in order to establish the pathways from economic growth to population health. Several factors could potentially account for the failure of the above-mentioned studies to establish a robust positive causal effect of higher incomes on health. First, if economic growth improves health but also increases survival chances, the net effect on health is ambiguous as those that survive due to higher incomes might have lower levels of health. Second, whether rising incomes will increase population health might depend on the distribution of gains in the population. If only those in good health benefit, the effect on overall population health will be small. This is potentially an issue both within and between households as we will discuss below. Third, the effect of additional income on health will depend on how this additional income is spent. Additional income might be spent on goods and services that have no or even a negative effect on health. Finally, it could be that public health services and infrastructure play a decisive role such that without improvements in this area, the effect of economic growth on health status is negligible.
Selective mortality
The effect of growth on childhood mortality is significant and sizable yet insignificant and small in studies that use undernutrition as a measure of health. As an empirical matter, one explanation for this could be positive sample selection: if improvements in nutritional status also lower the probability of premature death, the composition of the sample is altered in that it will also include individuals that would otherwise have died. If, at the same time, undernutrition is an important cause of death, the relationship between childhood mortality and anthropometric outcomes may be non-monotonic. There are, to the best of our knowledge, only two studies that investigate the issue directly. The first is a recent cross-country study on the relationship between adult height, an important marker for chronic undernutrition during childhood, and mortality rates of children. 29 The study concludes that people tend to be taller in high mortality-countries as compared to people in countries with moderate mortality. On the other hand, this relationship is negative and monotonic at lower levels of mortality. The second is a study based on DHS data from India. 30 Based on simulations, the authors argue that any selection effect is likely to be very small. In other words, in order for the selection effect to be large, differences in anthropometrics between children who died and those who survived would have to be very large.
The distributional impact of economic growth
The demand-side argument above will fail and economic growth will not translate into improvements in health outcomes if the gains to growth accrue to those in good health only. But the poor typically suffer from the largest disease burden. An important link in the causal chain from economic growth to population health is thus the link between growth of average incomes and growth of the incomes of the poor. A widely cited study finds that growth in average incomes translates into about equi-proportionate growth in the incomes at the lower end of the income distribution 31 and this finding has been confirmed in an updated dataset recently. 32 The finding is robust to both growth promoting policies as well as poverty reducing policies. There is, however, considerable variation in how episodes of growth translated into poverty reductions across space and time. [32] [33] [34] [35] For instance, countries in Latin America achieved growth that was pro-poor during the 1990s, while Asia experienced a significant increase in inequality in the 1990s and 2000s. 32 The sectoral composition of growth matters: as one would assume, growth in agriculture and other sectors that use unskilled labor intensively has been found to be important for making growth pro-poor. 36, 37 These considerations substantially weaken the link from growth per se to changes in the incomes of the poor.
Behavioral responses to income growth, prices, and quality
The demand-side channel discussed above works through changes in expenditure on health-relevant goods and services, where goods are broadly defined and also include time spent in different activities (e.g. physical exercise). Health problems including increased susceptibility to infectious diseases and physiological disorders are often a direct result of under-or malnutrition, particularly in developing countries.
We first review studies that analyze the effect of higher incomes on the intake of calories and other nutrients. We then turn to the effect of income on the demand for medical care, where we will distinguish between preventive and curative care.
It is important to clarify that not all of the additional goods and services that can be consumed as a result of higher income have to have a positive effect on health. There may also be an increase in the demand for goods associated with health risks such as smoking or alcohol consumption.
Income elasticities of the demand for nutrients
If growth were to affect health status through an improvement in nutritional outcomes, we would expect to find that increases in incomes are associated with a significant increase in the consumption of calories or nutrients. The question is of obvious interest to policy-makers: a positive elasticity would suggest that cash transfers are effective in reducing hunger and malnutrition and, thus, improving health status. It would also imply that standard policy recommendations for equitable and sustained economic development would be effective in eradicating malnutrition.
Note first that the canonical finding that expenditure on food items increases with income -referred to as Engel's Law -does not imply that an increase in incomes will also result in higher calorie consumption. In fact, the income elasticity of calories will typically be lower than the elasticity of food as households substitute more expensive foods with lower caloric content for foods that are cheap yet contain more calories.
It is also important to note that such investigations face serious empirical challenges and put a high demand on data: First, they require fine-grained data on food expenditure that can be readily matched to caloric and micronutrient content of food items. In particular, one should be able to rule out that prices of specific food items change with income conditional on location as this certainly suggests heterogeneity in quality and potentially heterogeneity in the caloric content. Second, one has to assign caloric content to food items that households reportedly consumed and there may be both variability in the caloric and nutritional content of a given food item and differences between items consumed and purchased through wastage. Third, the composition of food consumed outside the household is usually not reported yet its share is often not negligible. Fourth, current income is a noisy proxy for households' economic means. Naive estimates of the income elasticity are thus likely to be biased towards zero. Researchers usually use expenditure as the explanatory variable but this, in turn, may bias estimates upward as there may be common measurement error in total expenditure and calorie consumption. 38 Finally, the relationship that is uncovered may actually reflect reverse causality from better nourishment to higher incomes. An early literature on this topic, 38, 39 argued that the income elasticity of the demand for nutrients in developing countries is close to zero such that 'increases in income will not result in substantial improvements in nutrient intakes'. 39 A subsequent study based on detailed expenditure data from rural India finds that calorie intake increases by 0.3-0.5 percent for every one-percent increase in total expenditure. 46 This elasticity declined only slowly with total expenditure and was non-zero over the entire range. While these estimates are on the high side of what is usually reported, it seems clear that income growth will improve nutritional status at least for the poor. The study also found that sufficient in-take is affordable even in settings with high poverty rates. In rural India, all the calories required for a full day worth of farming activity could be purchased for less than five percent of a typical daily wage. It thus seems unlikely that insufficient calorie intake is the cause for low incomes. External validity is a concern in this literature. For instance, it is theoretically plausible that income elasticities depend on the price of food relative to other goods. A recent study that exploits variation in relative prices due to an economic crisis suggests that elasticities may be higher when food items are relatively more expensive. 41 There is also some evidence that higher relative food prices in the late 20th century in today's industrialized countries were associated with higher income elasticities. 42 While our knowledge about the relationship between changes in income and changes in calorieintake may be quite advanced, malnutrition may also result from insufficient intake of other nutrients. Estimates of the extent of 'hidden hunger', the number of individuals that suffer from micronutrient deficiencies, are difficult to come by yet in some cases exceed two billion. 43, 44 And what little we know suggests that elasticities for important nutrients such as iron and vitamins may be close to zero. 41 One reason for this may be that consumers lack information about nutrient contents. 45 Curative and preventive health expenditures A vast literature in economics is devoted to understanding health expenditure in developing countrysettings and two key observations emerge from this literature 46 : First, households in low-income countries often spend a significant fraction of total household expenditure on remedial health care. This type of spending is typically out-of-pocket as health insurance is almost universally lacking. 47 Second, preventive health care spending in developing countries is often found to account only for a negligible share of total expenditure. This traditionally resulted in low coverage rates of preventive measures such as insecticide-treated bednets (ITNs) and point-of-use chlorination of drinking water despite their proven effectiveness. 46 For instance, the cost of an ITN is much lower than the costs in terms of future earnings foregone that result from bouts of malaria. 48 What causes this imbalance between expenditure on remedial and preventive health goods in developing countries? Households frequently cite financial constraints as the main reason for not investing in preventive health goods and randomized control trials (RCTs) show that demand is highly price elastic -even a small increase in price results in a large decrease in demand for de-worming drugs, 49 ITNs, 50 and water purification products. 51 Demand for curative health goods, on the other hand, is price-inelastic. One study finds that increasing the price of an antimalarial treatment course for children from $0.30 to $1.50 did not reduce the share of households buying the treatment. 52 An observational study of health care demand in Tanzania found that substitution between private and public services is high yet a price increase across all offers will result in few people opting for self-treatment. 53 So will removing financial constraints, for instance, by providing cash, increase demand for preventive health goods? This could be the case if households are credit constrained, 54, 55 if they lack a secure place to save money, 56 or if they fail to build up sufficient savings for behavioral reasons. 57, 58 To be sure, there are alternative explanations: It could be that households lack information about health risks they face or the effectiveness of preventive measures. There is some evidence that information campaigns affect health behavior when the information itself is very specific and targeted. For instance, two RCTs in which treated households were informed about contamination levels of their own water source resulted in significant behavioral change. 59, 60 Parallel
RCTs in Kenya and Bangladesh on point-of-use water chlorination and filters also resulted in higher uptake. 61 But the effects of other more general campaigns are usually small or even zero for the uptake of preventive health care. 49, 62 The evidence for credit constraints or savings failures, on the other hand, is somewhat stronger. Two recent studies based on RCTs in India 55 and Morocco 54 show that giving households access to credit to purchase subsidized, preventive health goods (ITNs and a tap water connection, respectively) are effective in increasing take-up. If presented with the options of either making the purchase on credit or in cash, most households that did purchase tended to opt for a loan. One caveat is that in both experiments credit was offered to treated households only for one particular good. Hence, it seems unlikely that removing credit constraints globally would have a similar effect. Studies that investigate the effect of unconditional credit access 63, 64 typically find no impact on the uptake of curative health goods yet do not investigate impacts on preventive health goods. 46 However, a recent RCT conducted in Burkina Faso in which treated households were provided unconditional cash transfers found that this did not increase the number of preventative health care visits.
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Intra-household bargaining Another important literature with links to both the distributional impact of growth and households' behavioral responses and discussed above investigates the effect of female empowerment. 66 While a more detailed discussion of this literature is beyond the scope of this review, it is important to note that the empirical evidence suggests that 'money in the hands of mothers (as opposed to fathers) increases expenditures on children'. In fact, there are several studies that find that positive shocks to the mother's income are associated with improvements in their children's health. 67 Growth, health spending, and outcomes
Economic growth in theory enables governments to raise additional resources for public investments and expenditure, including public health. Higher individual incomes could also increase demand for the quantity and quality of public and private health services. However, outcomes will also depend on whether the government is responsive to popular demands and whether increased public health spending will improve health.
Growth and aggregate health expenditure
We first ask whether aggregate growth will typically increase aggregate health spending and we will highlight some of the key considerations in this debate. There are, however, some caveats: First, identifying the direction of causality in this relationship is, once again, challenging. In fact, a large number of studies look at the reverse link, from public spending on health to economic growth. 68 Second, good quality data on total health spending from developing countries only became available recently and its reliability with respect to implied trends over time is questionable. Finally, the whole point of health insurance systems is to disconnect personal budget constraints and personal consumption of health goods commodities. 69 As a consequence, one typically observes that the income elasticity varies with the level of analysis: it is close to zero at the individual-level where extensive health insurance systems are in place but significantly different from zero in settings in which health insurance is not available. It is closer to one and, in some cases, exceeds one if the relevant variables are defined at the level of countries. 70, 71 While an elasticity in excess of one would suggest that income growth should have a large effect on health spending and, thus, potentially also on health outcomes, recent studies find that it depends on the level of income. 72, 73 For instance, one study finds that spending on health care in OECD countries is elastic at low levels of income and more inelastic at higher levels of income. Health care tends to be a luxury good at low levels of income but a normal good at higher levels. 72 Consistent with this, a recent study that also considers data from developing countries finds that health care spending 'is less responsive to changes in income in low-income countries and most responsive in middle-income countries with high-income countries falling in the middle'.
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Effectiveness of public health care spending Early cross-country studies typically found that the average effect of public health spending on health outcomes across countries is close to zero once national income is accounted for. 10, 74 This came as a surprise as typical estimates of the costeffectiveness of public health interventions suggested much larger effects. Attenuation bias may explain this result at least to some extent as the quality of administrative data, particularly in developing countries, is often questionable. In addition, reverse causality is a concern as countries with poor population health may try to address the problem by spending more on health. But there may also be substantive causes for a lack of association. One possibility is that public health spending crowds out private health spending, that is, private spending declines as a consequence of increasing public spending. 75 Another possibility relates to government capacity and the institutional environment in which public health programs are implemented. Effectiveness requires the ability to gather information about binding constraints and administrative capacity to roll-out and manage programs. It also requires institutional oversight and an incentive system that prevents fraud and promotes cost efficiency. In line with this reasoning, recent empirical investigations found evidence for significant interaction effects between public spending and variables that aim to capture the institutional environment. 76, 77 Findings suggest that public spending has no effect in poorly governed countries yet a substantial effect well governed countries. 77 This would be consistent on the one hand with several recent country-level studies that suggest that higher public health spending in administrative units in more advanced (and, likely, better governed) countries did improve health outcomes. [78] [79] [80] Overall, the evidence for the relevance of good governance for the effect of public expenditure on outcomes is very strong. At the same time, the quality of public health care in developing countries is often dismal.
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Conclusion
There exists somewhat mixed evidence on the aggregate effect of economic growth on population health. Economic growth in theory can give poor households the economic means to spend more on health and nutrition of their family members. However, for this pathway to work, economic growth has to reach the poor and they also have to make the decision to spend their additional resources in a way that benefits their health. Economic growth in theory also can give governments the means to provide a better public health system and to invest in infrastructure that directly or indirectly affects health. However, for this pathway to work, governments have to be able to effectively raise tax revenue, make the decision to spend the additional resources in domains that are beneficial for health, and to actually spend the resources in a way that improves health outcomes. There are many things that can go wrong along these pathways and failure or success in completing the causal chain may explain why in some settings economic growth is found to be beneficial for health whereas in others it is not.
Aggregate growth may or may not benefit the poor depending on where it originates, how relative incomes at the household-level are altered, and what kind of institutions are in place. Individual increases in permanent income are associated with an increase in the consumption of calories and, with exceptions, micronutrients. The effect of increases in income on health care uptake is less clear. Price changes are very consequential for the uptake of preventive health care and the quality of health services seems to matter for the effect of income on health care utilization.
The relationship between economic growth and health spending varies by level of economic development. Public health spending is particularly sensitive to changes in per capita GDP at intermediate levels of economic development, i.e. expenditure on direct health goods becomes a priority at this point. There is often no association between health outcomes and public health spending in cross-country studies. Crowding-out of private expenditure may explain this finding to some extent. However, the effect of public health expenditure on outcomes depends on the institutional environment.
Overall, the evidence suggests that economic growth will not automatically lead to improved population health. Additional resources are potentially useful, but it largely matters how they are distributed and how they are utilized. There is thus an important role for public health to ensure that additional resources generated through economic growth are used in a way that is most beneficial for population health.
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